INTRODUCTION
============

Since the first report of laparoscopic treatment of hepatic cysts in 1991 \[[@B1]\], this approach has gained wide acceptance and is frequently performed. Laparoscopy should therefore be considered for the treatment of hepatic cysts because of its low morbidity and cosmetic advantages in young patients \[[@B2]\]. However, the development of laparoscopic liver resection has been hindered by technical difficulties related to maintaining hemostasis of the transection plane, controlling hemorrhage, and visualizing and working with the deeper regions of the liver \[[@B3],[@B4]\].

Regarding cyst location, cysts located in the peripheral portion of the anterolateral segments of the liver (AL; segments II, III, V, VI, and the inferior part of IV) are considered suitable for laparoscopy \[[@B5],[@B6],[@B7]\]. However, lesions located in the posterosuperior segments of the liver (PS; segments I, VII, VIII, and the superior part of IV) are considered poor candidates for laparoscopic resection because of limited visualization and the difficulty of controlling bleeding \[[@B8],[@B9],[@B10],[@B11],[@B12],[@B13]\]. Although laparoscopic left lateral sectionectomy is a routine approach, laparoscopic major liver resection is still preserved for experienced surgeons \[[@B14]\]. Therefore, laparoscopy was often avoided when possible malignant hepatic cysts were detected in the posterosuperior segments of the liver because major liver resection is sometimes required for such lesions \[[@B15]\].

However, improved laparoscopic techniques, better surgical field visualization with flexible laparoscopes, and routine use of laparoscopic cavitron ultrasonic surgical aspirators in transecting deeper portions of the liver parenchyma have helped address the major limitations of laparoscopy \[[@B15]\].

Although many reports have described laparoscopic treatment of hepatic cysts, few have analyzed the feasibility and outcomes of laparoscopic treatment according to cyst location. Given these facts, we performed a retrospective study to evaluate the feasibility and operative outcomes of laparoscopic resection for hepatic cysts located in the PS segments of the liver compared with those for cysts located in the AL segments.

METHODS
=======

Indications for operation
-------------------------

In our institution, laparoscopy is routinely considered as the treatment of choice for hepatic cysts. Treatment of hepatic cyst is indicated for symptomatic cysts (severe pain, nausea, vomiting, or jaundice), rapidly growing cysts, or if a malignancy is suspected. Laparoscopic unroofing was performed for benign cysts (n = 29), while laparoscopic liver resection was performed for suspected malignant cystic neoplasms, including biliary cystadenoma/carcinoma or intraductal papillary neoplasms (n = 5).

Operative technique
-------------------

Briefly, laparoscopic unroofing was performed under general anesthesia with the patient placed in the supine or lithotomy position. For cysts located in the posterosuperior segments, the surgeon usually stood between the lower limbs of the patient. For cysts located in the left segments of the liver, laparoscopy was performed with the patient in the supine position, with a 30° Trendelenburg adjustment. The surgeon stood on the right side of the patient. Pneumoperitoneum was established through an 11 mm umbilical port and was maintained at \<12 mmHg to reduce the risk of air embolism. A flexible laparoscope was routinely used. The dome of the cyst was opened using a harmonic scalpel (Ethicon, Cincinnati, OH, USA) after aspirating the fluid in the cyst using a laparoscopic aspirator ([Fig. 1](#F1){ref-type="fig"}). The cystic cavity was examined to identify possible indentations that could indicate neoplastic changes; in such cases, liver resection was necessary. The wall of the cyst was excised, including the 3- to 4-mm cystic rim of the hepatic parenchyma ([Fig. 2](#F2){ref-type="fig"}). The cyst and liver parenchyma was sent for pathology. A hemostatic clip or tie suture was applied if the surgeon detected the presence of bile along the cystic edge, indicating injury to the septal bile ducts \[[@B16]\]. Hemostasis of the cyst edge was achieved using electrocautery and an argon beam coagulator. If feasible, the greater omentum was packed into larger cavities to decrease dead space and prevent fluid collection. Examination of frozen tissue sections revealed no evidence of cystadenoma or carcinoma in any case.

Laparoscopic hepatectomy was performed if the cysts had malignant features such as mural nodules, an intracystic septum, or a honeycomb appearance. We performed laparoscopic left lateral sectionectomy in three patients, right hemihepatectomy in one patient, and left hemihepatectomy in one patient. The operative techniques for laparoscopic liver resection used at our institution have been described elsewhere \[[@B15],[@B17],[@B18]\]. Laparoscopic anatomical liver resection was preferred to clear all of the affected segments.

Study population and patient categorization
-------------------------------------------

Between September 2004 and December 2012, laparoscopy was performed to treat 34 patients with hepatic cysts at our hospital. Laparoscopic unroofing was performed in 29 patients, laparoscopic left lateral sectionectomy in 3 patients, laparoscopic left hemihepatectomy in 1 patient, and laparoscopic right hemihepatectomy in 1 patient. The patients were classified into two groups according to whether the main cyst(s) were located in the anterolateral segments (group AL, n = 20) or in the posterosuperior segments (group PS, n = 14).

Statistics
----------

Continuous, normally distributed variables are presented as the mean ± standard deviation, while discontinuous variables are expressed as the median (range). Continuous parameters were compared between the anterolateral and posterosuperior groups using independent-samples t-test, and categorical parameters were compared using the chi-square test. All analyses were performed using PASW ver. 18.0 (SPSS Inc., Chicago, IL, USA. Differences were considered significant at values of P \< 0.05.

RESULTS
=======

Preoperative demographic data
-----------------------------

The preoperative characteristics of patients are summarized in [Table 1](#T1){ref-type="table"}. The mean age of patients was 64.5 years. There were more females than males, and single large cysts were more frequently found than multiple cysts. There were no differences in the mean cyst size between the two groups (P = 0.511). However, the frequency of multiple cysts was significantly greater in group PS than in the group AL (P = 0.003).

Procedures performed
--------------------

[Table 1](#T1){ref-type="table"} lists the procedures performed in these patients. Unroofing was performed in 16 and 13 patients in group AL and group PS, respectively. Laparoscopic hepatectomy was performed in 5 patients, which included laparoscopic left lateral sectionectomy in 3, right hemihepatectomy in 1, and left hemihepatectomy in 1. Four laparoscopic hepatectomies were performed in group AL and one laparoscopic hepatectomy was performed in group PS (P = 0.251). The predominant type of resection was unroofing in both groups.

Intraoperative and postoperative outcomes
-----------------------------------------

There were no deaths or major complications. The intraoperative and postoperative results are listed in [Table 2](#T2){ref-type="table"}. Relapse occurred in one patient and reunroofing of the recurred hepatic cysts was performed 17 months after the initial unroofing. The median follow-up is 62 months. The mean overall operation time was 110 minutes and estimated blood loss was 120.5 mL. Pathologic results showed that all of the resected cysts were benign simple cysts. Mean operation time (P = 0.669) and mean blood loss (P = 0.747) were not significantly different between the two groups. The mean postoperative hospital stay was 4.4 ± 2.4 days. One patient in group AL who developed hospital-acquired pneumonia at postoperative day 5 was treated with intravenous antibiotics and discharged 7 days later. Mean hospital stay (P = 0.812), the morbidity rate (P = 0.488), and the relapse rate (P = 0.448) were not significantly different between the two groups.

DISCUSSION
==========

Simple hepatic cysts are usually asymptomatic and are not associated with abnormal hepatic function. However, they may become symptomatic as they expand \[[@B19]\]. Complications such as rupture, infection, or intracystic hemorrhage may occur. Simple aspiration results in recurrence in all patients, and has been abandoned in clinical practice. Aspiration combined with sclerotherapy shows limited short-term success and can result in abscess formation. The goal of surgical treatment of giant solitary cysts is to decompress the cyst and avoid recurrence. Current management involves cyst unroofing \[[@B20]\], which is commonly performed laparoscopically \[[@B21],[@B22]\].

Despite increasing laparoscopic and hepatic surgery experience, laparoscopic resection of hepatic cysts is limited to patients with cysts localized to the anterolateral segments of the liver \[[@B23]\]. Limitations of laparoscopic resection compared with open resection of hepatic cysts include poor visualization and difficulty in controlling bleeding, especially for cysts located in the posterosuperior segments of the liver \[[@B23]\]. The most common reasons for conversion to laparotomy include the presence of cysts deep within the hepatic parenchyma, cysts located in segments VI, VII, and VIII, uncontrolled bleeding, or major biliary injury \[[@B10],[@B24],[@B25]\] Lesions located in the posterior or superior parts of the liver (segments I, VII, VIII, and the superior part of IV) have long been considered poor candidates for laparoscopic resection because of limited visualization and difficulty in controlling bleeding \[[@B8],[@B9]\].

The findings of the present study showed that the outcomes of laparoscopic resection of hepatic cysts located in the posterosuperior segments were comparable with those of cysts in the anterolateral segments. In particular, we found no significant differences between the two patient groups in terms of median operation time, median blood loss, median hospital stay, morbidity rate, or relapse rate. Moreover, there were no conversions during laparoscopic treatment, regardless of the location of the cysts. Morbidity occurred in one patient in the anterolateral group: this patient developed hospital-acquired pneumonia at postoperative day 5. Meanwhile, one patient in the posterosuperior group experienced relapse.

Solitary cysts located in segments VII and VIII of the liver can be safely treated by laparoscopic unroofing. Cyst recurrence may be prevented by complete excision of the cystic roof together with the adjacent hepatic parenchyma \[[@B16]\]. Laparoscopic resection of tumors located in the posterosuperior segments of the liver is more difficult than that in the anterolateral segments, but the posterosuperior location does not compromise accessibility or surgical outcome \[[@B2]\]. Laparoscopic surgery can be safely performed in patients with giant solitary cysts, regardless of their location \[[@B13]\].

We performed laparoscopic liver resection for suspected neoplasms, although the pathologic results confirmed that all of the cysts were benign. Although it is easy to attribute symptoms to the presence of a large hepatic cyst, the possibility of a coexisting malignancy must be excluded. The main problem is that it is difficult to detect neoplasms before and during surgery, despite improved imaging techniques \[[@B26]\]. It is also difficult to distinguish between congenital and neoplastic liver cysts, leading to inappropriate treatment that may increase the risk of tumor recurrence and reoperation \[[@B27]\]. Indeed, in patients with complicated liver cysts, with hemorrhage or superinfection for example, radiologic differentiation of benign and neoplastic cysts may be especially difficult \[[@B15],[@B17]\]. Thus, during laparoscopic treatment of such lesions, surgeons must be especially vigilant for the appearance of unusual cystic fluid and must carefully inspect the internal portion of the cystic wall; if abnormalities are found, liver resection should be performed instead of unroofing \[[@B17],[@B28]\].

In conclusion, our results indicate that laparoscopic treatment of hepatic cysts located in the posterosuperior segments of the liver is safe and feasible.
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Characteristics of patients who underwent laparoscopic treatment of hepatic cysts (n = 34)
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AL, anterolateral; PS, posterosuperior; SD, standard deviation.
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Intraoperative and postoperative outcomes (n = 34)
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